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Technology: Microelectronics 
RFMD leading module-based 
For RF Micro Devices Inc 
(Greensboro, NC, USA) fiscal 
Q1/2002 sales (to end-June) 
were US$70. lm, down 28.7% 
on a year ago but ult, 27.3% on 
the March quarter (ahead of 
the mid-April forecast of 20%). 
Power amplifier modules were 
up 29’% (to 33% of sales from 
just 1% a year ago). 
A US$22.lm special charge 
comprised: 
l a US$l5.3m inventory reserve; 
l asset impairment charges of 
IJS$2.8m related to MMIC test 
handlers (due to the on-going 
shift in demand from individ- 
ual MMICs to modules); and 
l US$4m due to outsourcing all 
production packaging and tran- 
sitioning the packaging line to 
an all-R&D facility. 
-\ 
For the September quarter, 
RFMD is fully booked (as for the 
June quarter) leading to about 
10% growth - and on track to 
begin production shipments of 
new PA modules for both TDMA 
and GSM/GPRS handsets (boost- 
ing modules to about 50% of 
sales).Also, RFMD’s WLAN chip- 
set is being evaluated by several 
leading companies. 
RFMD’s second fab should 
start operation late in the 
quarter, and construction of 
the China facility (see Issue 6, 
page 6) should he completed 
in Autumn 2002. RFMD expects 
a return to profitability in 
second-half 2001 and year- 
over-year revenue growth for 
fiscal 2002 (to end-March). 
For Alpha Inctusaies Inc (Woburn, 
MA, USA) fiscal Q l/2002 sales 
(to end-June) were US$32.2m 
(down 5 1% on a year ago and 
40% on the March quarter).But, 
after securing initial orders for 
its tri-band InGaP HBT power 
amplifier module, president and 
CEO David Aldrich says they 
have “begun to see signs of a 
recovery led by our wireless 
handset business”. 
Alpha also released front-end 
modules incorporating SAW filters 
and LTCC packaging technology 
and is sampling a new family of 
switch/filter modules (being co- 
developed in an alliance with 
SAW filter maker EPCOS - see 
Issue 6, page 8). “The centre- 
piece of this strategy is our 
Alpha Integration Platform:’ says 
Aldrich. “Our aim is to integrate 
the RF functions of the handset.” 
R&D investment grew to 30% 
of sales, focused on module 
integration and process devel- 
opment for next-generation 
wireless and broadband. 
In the September quarter Alpha 
expects handset sales growth of 
30% to increase its sales 5-10% 
(despite on-going inventory cor- 
rection in its infrastructure and 
broadband businesses). For the 
December quarter, it expects its 
sales to grow at least 200/u, 
fuelled by the production ramp 
l broadband US$13.0m (cable 
US$8.4m; fibre US$4.6m); 
l wireless US$5.9m. 
Higher-than-expected start-up 
costs associated with a steep 
ramp in HBT module assembly 
and continued low fab utiliza- 
tion contributed to a loss of 
US$l4.5m. Together with spe- 
cial charges of $36.lm - includ- 
ing US$0.9m from cutting 65 
staff (10% of the workforce) 
and US$35.2m of write-offs 
(lJS$7.6m in inventory) - plus 
US$4.8m from completing the 
acquisition of Telcom Devices 
Corp (see Issue 4, page lo), 
the net loss was US$55.4m. 
“In wireless, we entered pro- 
duction with our InGaP HBT 
PA modules, displacing our 
MMIC business with fast-grow- 
ing CDMA modules. In fibre, 
our OC-768 (40 Gh/s) InP fibre 
products received evaluation 
orders for our travelling-wave 
amplifiers,” said president and 
CEO Dr Bami Bastani. 
ANADIGICS expects Q3 sales 
down 18% to IJS$15,5m, reflect- 
ing a change in production ramp 
schedules of wireless handset 
platforms, the timing of new 
design win opportunities and 
continued softness in hroad- 
band markets. For Q4 it expects 
sales up in wireless (fuelled by 
increased HBT module produc- 
of new products and initial 
orders for 2.5G GPRS phones. 
tion) and a recovery in cable. 
For Celeritek Inc (Santa Clara, 
Q2/2001 sales for ANADIGICS Inc CA, USA) fiscal Q1/2002 sales 
(Warren, NJ,USA) were US$18.9m (to end-June) were US$14.0m 
(down 60.2% on Q2/2000 and (down 29% on a year ago and 
33.7% on Q1/2001): 22% on the March quarter): 
C--pany Q2/2001 
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up 10% 
up 5-10% 
down 18% 
flat 
recoverv 
l semiconductors IJS$8.1 m 
(down 7% on the March quarter: 
up 59% for handset applications 
but down 50% for infrastructure); 
l subsystems IJS$5.9m (down 
37% due to continued weakness 
in broadband wireless infra- 
structure). Sales to defense cus- 
tomers were flat sequentially. 
One-time charges included 
US$jOO,OOO for staff severance 
and US$SSO,OOO for obsolete 
inventory. 
Yield improvements have led 
to a five-fold rise in shipments 
of its new PA modules since 
the March quarter (to 37% of 
total shipments) “as customers 
continue to transition from 
power amplifier KS to mod- 
ules,” said president and CEO 
Tamer Husseini. 
“To address the changes in the 
market, we have focused our 
design talent on developing 
new semiconductor products. 
We continue to focus on tech- 
nology improvements to our PA 
modules and are developing 
additional products to address 
opportunities in the fihre-optic 
and milli-metre-wave markets.” 
Celeritek expects September- 
quarter sales also of US$14m. 
TriQuint Semiconductor Inc 
(Hillsboro, OR, USA) and Saw- 
tek Inc (Orlando, FL, IJSA) com- 
pleted their merger in mid-July. 
Junequarter sales were IJS$60.7m 
for TriQuint (down 14% on a 
year ago) and US$18.8m for 
Sawtek (down 57%). 
Sawtek has streamlined employ- 
ment in both Orlando, FL, IJSA 
and Costa Rica, sold off a major- 
ity interest in its unprofitable 
sensor business, and opened a 
design centre in Taiwan and sales 
offices in Sweden and San Diego 
to be closer to its customers. 
Of its new products, RF filters 
for handsets accounted for 
more than 10% of sales L . 
Technology: Microelectronics 
First dual-band compatible 
E-GSM/DCS transmitter module 
The Electronic Device Group of 
Mitsubishi Electric & Electronics 
USA Inc (Sunnyvale, CA, USA) is 
sampling the BAO 130 1, the 
world’s first dual-band compati- 
ble E-GSM/DCS transmitter 
module for cell-phones (for vol- 
ume production by the 
Electronic Component Group 
of Kyocera Corp in Q2/2002). 
Power efficiency improvements 
(by combining Mitsubishi’s 
high-efficiency GaAs HBT 
MMIC and power amplifter 
with Kyocera’s LTCC and low- 
loss antenna switch) contribute 
to reduced module size (only 
12.0x10.0x2.0mm - one-third of 
the board space of previous- 
generation modules) and a 20% 
increase in talk time. Such high 
integration makes an external 
impedance-matching circuit 
unnecessary. 
Filtronic allies with M/A-COM and BAE 
Microwave components firm 
FiItrotic plc (Shipley, UK) has 
entered into two agreements 
concerning its Filtronic 
Compound Semiconductor 6” 
GaAs fab in Newton Aycliffe, 
UK (which had been losing 
&lm a month and has cost 
Filtronic &50m since buying it 
from Fujitsu three years ago): 
l for a strategic alliance 
with Tyco International Ltd 
subsidiary M/A-COM Inc to 
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supply large volumes of 
compound devices to the 
mobile handset, wireless local 
area network and other com- 
mercial markets. (It has been 
working with M/A-COM for 
more than six months, process- 
ing and qualifying its epi- 
wafers.) The two companies 
will also jointly develop new 
products. 
l with BAE SYSTEMS Avionics 
Ltd (with which Filtronic 
has been involved over 
Eurofighter) to supply 
compound devices and 
related products for defence 
applications. (It has granted 
a sole licence to BAE for 
the intellectual property of 
GaAs devices for defence 
applications.) 
The alliance with M/A-COM is 
“much more comprehensive” 
than a joint venture which 
Filtronic had previously want- 
ed to create (see Issue 5, page 
1 l), and said the agreement 
with BAE was “very complex” 
and not just a supply contract. 
Staffing is currently 140, but 
could rise to over 500. 
Filtronic will also continue 
to make products for use 
in its mobile phone base- 
station and transceivers busi- 
ness. It has the capability 
to supply a wider range of 
products for its own applica- 
tions, including devices for 
higher levels of integration 
in base-station power 
amplifiers, point-to-point 
microwave transceivers 
and optical transceivers. 
* For the fiscal year to end-May, 
group sales were 5297.4m (up 
34% on 2000) but pretax loss 
was &21.2m.This included 
&14.9m from compound semi- 
conductor, on sales of 511.2m 
(4% of total sales, but up from 
&7.2m in 2000). 
The Newton Aycliffe operation 
is expected to move into prof- 
itability this financial year. 
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Kopin expects 
Ill-V rebound in 
Q3/2001 
For Kopin Corp (Taunton, MA, 
USA) Q2/2001 sales were 
US$9.2m (down 62% on a year 
ago and 39% sequentially) and 
net loss was US$I5.2m (exclud- 
ing an impairment charge of 
about US$5.3m, primarily for 
the write-down of equipment). 
Sales included: 
l III-V products US$3.8m 
(down 80% on a year ago and 
65% sequentially), with many 
larger customers continuing to 
work through excess inventory; 
l CyberDisplay US$5.2m (up 
23% on a year ago and 44.4% 
sequentially). 
Kopin is taking steps to expand 
the customer base for its III-V 
products, says president and CEO 
Dr John C C Fan.Agreements to 
supply InGaP HBTs to Alpha 
Industries Inc and ANADIGICS 
Inc (see Issue 5, page 12) repre- 
sented a significant portion of 
III-V revenues.The newer cus- 
tomers ordered more than 
expected, but not be enough to 
offset the overall decline. 
Kopin is focusing on develop- 
ing its InP and GAIN HBTs for 
next-generation products. 
For Q3/2001, continued inven- 
tory correction in the wireless 
handset and infrastructure mar- 
kets will affect demand for III-Vs, 
but revenues should begin to 
recover so Kopin expects dou- 
ble-digit sequential growth. 
Design kit 
Aiming to accelerate growth in 
pure-play GaAs foundry, Know- 
ledge’on Jnc (Iksan, Korea) has 
strategic partnership with 
AgiIent Technologies to devel- 
op an Advanced Design System 
(ADS)-based design kit to pro- 
vide MMIC and RFIC designers 
with easy access to Know- 
ledge*on’s 6” InGaP/GaAs HBT 
Gain & current selection for reduction 
in handset power consumption 
RF Micro Devices Inc 
(Greensboro, NC, USA) is sam- 
pling two new 2.7V GaAs HBT 
low-noise amplifiers: 
9 RF2368 - a single-band LNA 
for DCS or PCS; 
l RF24 I6 a dual-band LNA for 
GSM, DCS or PCS. 
By using either device individu- 
ally or in combination, several 
configurations of GSM-based 
handsets and personal digital 
assistants can be implemented 
(from single- to triple-band). 
Both devices offer a selectable 
gain by-pass mode, enabling a 
step reduction in system gain. It 
also reduces system power con- 
sumption by reducing the lin- 
earity requirements further 
down the receiver chain. 
As part of a recently concluded 
high-volume production agree- 
ment , Raytheon Company’s RF 
Components Division 
(Andover, MA, USA) will supply 
its RMPA 1951 GaAs HBT small- 
outline power amplifier module 
(in a 6.Ox6.Ox1.5mm3 LCC 
package - for production in 
October) to Korea’s LG Elec- 
tronics Co Ltd for its TM9 IO 
dual-band tri-mode handset (for 
the US CDMA market). 
RFMD’S RF2368 and RF24 16 
HBT-based low-noise amplifiers 
The module incorporates DC 
power management that 
extends battery life by reducing 
current consumption without 
degrading signal quality Most 
cellular/PCS handsets can 
benefit from gain control and 
DC power management to opti- 
mize transmitter performance 
while operating at backed-off 
output power levels. 
TriQuInt Semiconductor Inc 
(Hillsboro, OR, USA) has 
released the TQ3M3 1 tri-mode, 
dual-band (cellular and PCS) 
low-noise amplifier (in a 
3x3mm leadless package) for 
CDMA handsets, with operation 
down to +2.7V 
High levels of on-chip 
integration, including mode 
and gain select functions 
allow selection of CDMA or 
AMPS mode, as well as adjust- 
ment of gain and current 
consumption. 
Used with the TQ5 13 1 and 
TQ563 1 mixer ICs, it forms a 
complete tri-mode RF receiver 
front-end solution for CDMA 
and AMPS. 
VPEC doubling sales through short-wavelength lasers 
GaAs epiwafer foundry Visual 
Photonlcs Epitaxy Co Ltd 
(Taoyuan,Taiwan) has reported 
sales of NT$140m for Q2/200 1 
and NT$427m for first-half 
2001 (more than its total 2000 
revenues). 
to nearly 45% of total output. the market for short-wave- 
HBTs and PHEMTs make up the length lasers. 
remaining 55% 
VPEC says it is avoiding the 
long-wavelength 1.3 and 
1.55 pm laser market, which 
is dominated by the USA. 
However, growing demand 
for game consoles and home 
electronics is now driving 
Mitsui & Co recently became a 
shareholder, and VPEC is target- 
ing investment from other over- 
seas concerns.The full-year 
saIes target is NT$878m (up to 
250% on ZOOO).VPEC also plans 
an initial public offering in 
Taiwan in Q3/2OO 1. 
Since introducing its first 
780 nm laser in Q4/2000, it 
has increased laser production 
for InGaP HBT foundrv 
/ 
Foundry Process (which started 
providing samples at the end of 
July - see Issue 6, page7). 
The design kit provides a close 
link between the AgiIent EDA 
design environment and 
Knowledge’on’s GaAs foundry 
process models, establishing 
smooth design flow from 
schematic to layout (eliminat- “By supplying our foundry 
ing the time-consuming road- libraries embedded in the 
blocks of designers having to Advanced Design System 
construct their own design- design kit, RF engineers save 
flow from raw foundry model time and money over 
files). Designers are free to tack- the old method of working 
le the hardest circuit and sys- with raw foundry model 
tem designs without worrying libraries,” says Knowledge*on’s 
about the integrity of the chief technology officer 
design database. Dr Jae-Woo Park. 
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Vitesse enters InP foundry business 
InP IC Integration & Performance Roadmap 
OC-768 Receiver Example 
TIA 8 LA & DMUX 
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d 
s 
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f 
Mtesse’s roadmap for indium phosphlde-based integration fin this case for a 
40 Gbls OC-768 recewer). 
In May Vitesse Semiconductor 
Carp (Camarillo, CA, USA) said 
it had characterized the first 
working InP HBTbased devices 
from its 4” GaAs fab for its own 
40 Gb/s (OC-768) standard 
products, which will begin sam- 
pling in Ql/2002 (see Issue 6, 
page 10). 
fibre-based networks (including 
40 Gb/s SONET OC-768 and 
100 Gb/s Ethernet), wireless 
and RF applications (or any 
application requiring the 
mutual benefits of very high 
gain-bandwidth product and 
high breakdown voltage). 
Now it has entered the foundry 
business (under InP foundry 
manager Minh Le) with its 
Vitesse lndium Phosphide “VIP” 
service for designers of next- 
generation high-performance 
ICs and optoelectronic integrat- 
ed circuits (OElCs), e.g. for 
Vitesse will therefore compete 
with InP foundry services from 
Kopin Corp and TRW lnc as 
well as SiGe foundry from 
Atmel Corp and IBM lnc’s 
Microelectronics Division. 
Optical integration is available 
in the form of on-chip photo- 
detectors. InP is uniquely capa- 
ble of integrating long-wave- 
length 1510 nm detectors with 
electronic components, 
enabling the development of 
single-chip integrated receive 
electronics from 2.5 Gb/s to 
40 Gb/s and beyond. 
The InP process is based on a 
vertical NPN bipolar transistor. 
A single heterojunction (SHBT) 
transistor process is in pre-pro- 
duction, and a double hetero- 
junction (DHBT) process - with 
higher breakdown voltage - 
will be available in early Autumn. 
A third variation is also available 
for integrating detectors with 
electronics. An fT of 150 GHz 
and an fmax of 150GHzata 
breakdown voltage of 4.2 V is 
available.Three layers of 
aluminium interconnect metal, 
precision resistors and MlM 
capacitors complete the 
process. 
“Peak transistor performance is 
achieved at low current density 
for superior thermal manage- 
ment,” stated Alan Huelsman, 
director ofvitesse’s InP 
Program. 
Vitesse says it sees a clear path 
to drive oscillation frequency 
above 250 tiHz while reducing 
power by a factor of five. 
“40 Gb/s is just the beginning 
for InPSignifica.ntperformance 
gains will be made through 
continued trunsistor sculing 
over the next couple years”. 
Vitesse says that - unlike other 
InP processes its VIP process 
uses standard silicon process 
equipment and manufacturing 
techniques. Proprietary con- 
tacts for high-temperature 
processing allow the use of 
oxide dielectrics with standard 
aluminium interconnects 
(rather than gold metallization, 
lift-off and air-bridges used by 
competing foundries).Vitesse 
says it has used experience in 
III-Vs gained through five gen- 
erations of H-GaAs process 
development. 
Vitesse also claims its InP 
foundry wafers are delivered to 
a set of specs, rather than the 
“best effort” basis of traditional 
aerospace foundries. 
Vitesse’s InP foundry customers 
can either sign up for a partner- 
ship agreement (which pro- 
vides full access to the process 
and manufacturing rights) or 
purchase multi-project wafers 
(for the purpose of design and 
process verification). 
*Vitesse’s fiscal Q3/2001 sales 
(to end-June) were ~~$60. lm 
(47% down on a year ago). 
First indium phosphide KS in orbit 
An 114.124 GHz indium phos- 
phide HEMT designed and pro- 
duced by TRW Inc (Redondo 
Beach, CA, USA) has become 
the first InP integrated circuit 
to be flown in space. 
The low-noise amplifier (LNA) 
chip is part of a broadband 
radiometer being used by the 
Swedish Odin-1 science satellite. 
The chip enables the radiome- 
ter to detect very faint radia- 
tion being emitted by galactic 
oxygen. (Scientists believe that 
a better understanding of inter- 
stellar oxygen chemistry may 
provide greater insight into the 
formation and evolution of 
galaxies.) 
The Odin-l satellite (which is 
being built and operated by the 
Swedish Space Corp for the 
space agencies of Sweden, 
Canada, Finland and France) 
was launched in February to 
conduct astronomic and atmos- 
pheric research. 
The LNA chip joins a growing 
list of TRW InP products 
that have demonstrated the 
technology’s ability to shrink 
the size and increase the sensi- 
tivity of sateBite instruments 
used for environmental remote 
sensing and atmospheric 
sounding. 
In addition to space applica- 
tions,TRW’s new commercial 
semiconductor company 
Velocium has also recently 
introduced a wide variety of 
very high-speed InP compo- 
nents and other products for 
fibre-optic and wireless tele- 
corns systems. Both scientific 
and commercial chips will be 
produced in TRW’s new high- 
volume InP fab - the first to 
use 4” wafers. 
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Alternatives to CMOS below 35 nm 
The research institute IMBC 
(Leuven, Belgium) has a new 
industrial affiliation programme 
(IIAP) called EMERALD (“EMER- 
ging ALternative Devices”). 
The aim is to investigate tech- 
nologies including: fully depleted 
silicon-on-insulator transistors; 
high-mobility CMOS based on 
strained Si/SiGe layers; vertical 
devices; and double-/triple-gate 
and gate-all-around devices. 
Compatibility with current 
CMOS technology and transi- 
tional capabilities from conven- 
tional CMOS will also be inves- 
tigated. EMERALD will attempt 
to determine complexity levels 
of each process alternative. 
Another two-year IIAP will 
develop a 0.18 urn BiCMOS 
process for RFICs for 2 and 5 
GHz applications, focusing on 
the combination of low power 
and high performance. Specific 
attributes include a SiGe:C HBT 
and a core CMOS process with 
an n+/p+ analog 0.18 urn tech- 
nology featuring shallow trench 
isolation, 3.5 nm gate oxide 
thickness and cobalt-salicide. 
The HBT consists of a quasi 
self-aligned emitter/base archi- 
tecture with SiGe:C base, deep 
trench isolation and in-situ 
arsenic-doped poly-emitters. 
The technology will initially 
run in IMEC’s 200 mm pilot 
Iine with a copper/oxide back- 
end, and includes different 
types of poly resistors, double- 
poly capacitors, varactors, 
inductors and double-metal 
capacitors. 
SiGe Semiconductors 
targets Bluetooth 
SiGe Semiconductor Inc 
(Ottawa, Ont, Canada) is 
producing what is believed 
to be the world’s smallest 
power amplifiers for 
Bluetooth applications: 
l the PA2423G power amplifier 
(a gold-bumped, 0.96 x 0.63 mm 
flip-chip package) for cellular 
handsets, wireless headsets and 
PDAs; 
l the PA2423L power amplifier 
(in a G-lead LPCC package) 
for medium-sized modules 
used in laptops, personal 
computers, printers and 
consumer electronics. 
* SiGe Semiconductor’s SiGe 
BiCMOS PA2423MB Class 1 
Bluetooth power amplifier 
(which delivers +22.5 dBm out- 
put power with 45% power- 
added efficiency in class AB 
mode) has been chosen by: 
l Siemens, for integration into 
one of the first qualified 
Bluetooth-USB adapters, the 
Gigaset B427data, which sup- 
ports wireless data exchange 
between laptop or desktop 
PCs, and Bluetooth devices 
operating within a 100 m 
range; 
l Cambridge Silicon Radio, 
for integration in its 
BlueCoreOl modules (first-to- 
market with a qualified Class 1 
Bluetooth module) for 
Bluetooth-enabled PCs, 
workstations and PCMCIA 
cards. 
* SiGe Semiconductor 
has named Subodh Banerjee 
as director of sales Asia-Pacific. 
“We see tremendous potential 
to extend our customer and 
partner base in this region, 
which is home to many emerg- 
ing companies building wire- 
less and broadband systems,” 
says SiGe Semiconductor 
president and CEO Jim 
Derbyshire. 
The IL4P has three parts: 
* HBT module development; 
l BiCMOS process integration; 
l RF passive components. 
The first year will focus on the 
design of a test chip for process 
development, process step and 
module development, and 
process assembly.The second 
year will aim to achieve a fully 
integrated process by end-2002. 
* IMEC has opened a business 
development office in 
Shanghai, China. IMEC sees sev- 
eral opportunities, ranging from 
R&D (development of sensors 
and systems-on-chip) to training 
designers in advanced tech- 
nologies for system design. 
IMEC also wants to provide a 
bridge for its spin-off compa- 
nies into the Chinese market. 
Showa to make 
InGaP HBT epi- 
wafers for NlT 
Showa Denko KK flokyo, Japan) 
is to contract manufacture InGaP 
epiwafers for N’IT Advanced 
Technology co?, (TokyoJapan), 
to be used in its HBTs (for use 
in next-generation cell phones). 
SDK has been producing InP 
polycrystal/monocrystal mirror 
and epi for fibre-optic commu- 
nications equipment (claiming 
to be the leading maker of such 
epiwafers by MOCVD). It has 
also been making semi-insulat- 
ing GaAs mirror wafers. 
For InGaP HBT epi, SDK’s com- 
pound semiconductor volume 
production technology will be 
combined with NTT-AT’s epi 
growth and device evaluation 
technologies (and the products 
jointly marketed). 
By September SDK will install 
new facilities in its existing 
cleanroom, with the capacity 
to produce 500 InGaP HBT epi- 
wafers per month (rising to 
2,000 wpm in 2003). 
